A remarkable improvement of both the chemical yield and the reaction condition, of Nformylation of amines with formic acid was found, when tetra-substituted guanidinium salts were added as ionic liquids. Effects of amount and the type of guanidinium salts on the outcome of the reaction were investigated. This procedure works well for sterically hindered primary amine as well as electron-deficient primary arylamines, primary and secondary amino alcohols, α-amino acid esters, hydroxylamines and N,N-dimethylhydrazine. The recovered ionic liquid can be recycled for four runs without loss of activity
Introduction
One of the most useful and versatile functional groups to be introduced into an organic molecule is the formyl group. Formamides have been widely used in organic synthesis as protecting group of amines, 1 precursor for isocyanide preparation, 2, 3 an intermediate for mono methylated of primary amines. 4 In addition, they have been used in the synthesis of formamidines. 5 Thus a number of formylating methods have been reported. Acetic formic anhydride 6 continues to be the most widely used formylating reagent, but it is sensitive to atmospheric moisture and cannot be stored due to decomposition to acetic acid and carbon monoxide. Many other useful formylation reagents have been reported such as chloral, 7 activated formic acid using DCC 8 or EDCI, 9 activated formic esters, 10 ammonium formate, 11 2,2,2-trifluoroethyl formate 12 and aq. 85%
formic acid and ZnO. 13 Recently polyethylene glycol has been reported as a medium for formylation of aniline derivatives with formic acid. 14 However, many of these methods suffer from different drawbacks such as long reaction times, high temperature, the application of expensive and toxic formylating agents and catalysts. Thus, there is still scope to develop a simple and practical method for the N-formylation of amines under mild conditions. In recent years, ionic liquids have emerged as a useful alternative to conventional organic solvents or catalysts due to their particular properties, such as negligible vapor pressure, chemical stability, excellent solvent power for organic and inorganic compounds, as well as the ease of recovery. 15 Recently, much attention has been focused on organic reactions promoted by ionic liquids. Protic ionic liquids are one of the successful examples as reaction medium and catalysts in organic synthesis. [16] [17] [18] [19] [20] Protic ionic liquids, especially those based on the 1,1,3,3-tetramethylguanidine (TMG) and synthesized through simple neutralizing of equimolar TMG with acids 21 have been found to be useful in preparing an immobilized catalyst for hydrogenation of olefins, 22 absorbing SO 2 from simulated flue gases, 23 homogeneous and recoverable acidic catalysts for Henry reaction, 24 one-pot synthesis of pyran 25 , synthesis of 3,4-dihydropyridin-2-(1H)-ones 26 and direct aldol reaction 27 . To the best of our knowledge, there is no example on the use of ionic liquids as promoter for the N-formylation of amines.
Results and Discussion
In Nearly all the amines reacted efficiently affording the corresponding N-formyl products in good to excellent yields in 2-30 min. Aliphatic (cyclic and acyclic) primary and secondary amines gave the corresponding N-formyl products in 94-100 % yields. Anilines containing both electron-donating and electron-withdrawing groups underwent the conversin smoothly. Previously, the N-formylation of anilines having electron-withdrawing groups was found to be difficult 17 (entry f). The chemoselectivity of the [TMG] [TFA] was also assessed by performing formylation of amines in bifunctional compounds (Scheme 2; entries i-l). Excellent chemoselectivity was observed for substrates with OH functionalities providing N-formyl derivatives as the only products, and no side reaction took place. The [TMG] [TFA] catalyzed Nformylation strategy was also studied for the formylation of some selected chiral amino acid alcohols and esters. To further investigate the scope of the reaction, imidazole, N,Ndimethylhydrazine and N-hydroxyaniline were studied under similar conditions. All amine derivatives converted readily into the corresponding N-formamide derivatives (Scheme 2, entries r-t). For the purpose of comparison, Performances of IL and various previously used catalysts are compared in Table 1 . The yields of four subsequent runs using the same recovered ionic liquid.
Scheme 2. [TMG]
[TFA] promoted N-formylation of amines. 
Conclusions
In summary, we have described here the first example of the N-formylation of amines with formic acid in protic ionic liquid. The reported protocol is efficient, inexpensive, chemoselective and the ionic liquid is reusable. The advantages of the present method are (i) the use of a green and easy to handle ionic liquid; (ii) the ease of preparation of [TMG] [TFA]; (iii) mild and catalyst-free reaction conditions; (iv) the ease of extraction of the product/ substrate from ionic liquid; (v) [TMG] [TFA] could be directly reused after drying without any significant loss of activity and (vii) excellent chemoselectivity.
Experimental Section
General Procedure. To a mixture of HCO 2 H (1.2 mmol) and [TMG] [TFA] (229 mg, 1 mmol) was added an amine (1 mmol), and then the reaction mixture was stirred with a magnetic stirrer at room temperature. The progress of the reaction was monitored by TLC. After the reaction was complete, EtOAc was added to the reaction mixture, and [TMG] [TFA] was removed by filtration. After removal of the solvent, the pure product was obtained. The physical data (mp, IR, NMR) of known compounds were found to be identical with those reported in the literature. [11] [12] [13] [14] Spectra data for selected products: 2b. 1 
